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EXPERIMENTALINVESTIGATIONOFTHE”EFFECTOFFOREBODY

BLUNTNESSONTHEPRESSURERECOVERYANDDRAGOFA

TWIN-SCOOPINLET-BODYCOMBINATIONAT MACH

NUMBERSOF1.4 AND1.7
By JohnF. Stroud

SUMMARY

Thepressurerecovery,massflow,anddragof a twin-scoopinlet-
bodycombinationweremeasuredatMachnumbersof1.4and1.7at zero
angleofattack,sndtheresultswerepresentedina preliminarydata
report.Thesedata,inadditionto somemorerecentlyobtainedresults
of testsoftheforebodes,arepresentedandanalyzedinthepresent
report.Testsweremadeoftheinlet-bodycombinationwithan ogival
forebody,withan ogivalforebodyhavinga smallamountofbluntness
nearthetip,andwithtwoforebodiesof ellipticlongitudinalsection;
thefinenessratiosoftheforebodesvsxiedfrom5 to2.86. The
resultsindicatethattheeffectonpressurerecovery,mass-flowratio,
anddragof a smallmount ofbluntnessof theogivalforebodywassmall.
A verybluntforebody,however,combinedwitha relativelylowfineness
ratio,causedsignificantreductionsinmaximumpressurerecoverysnd
mass-flowratioanda largeincreaseindrag. At a Machnumberof 1.7,
themostbluntforebcdywhencomparedwiththeogivalforebodyshoweda
lossinmaximumpressurerecoveryof0.06,a decreaseinmaximummass-
flowratioof0.06,and,fora mass-flowratioof 0.90,an increasein
dragof theinlet-~odycotiinationof about135percent.Similar
resultswereobtainedat a Machnuniierof 1.4. Testsof thevarious
forebodiesindicatedthatthevariationof inletlocation(forebody
finenessratio)withforebodybluntnessaffectedthepressurerecovery,
mass-flowratio,andscoopdrag.

A programto
theair-induction

INTRODUCTION

determinethepracticabilityof twin-scoopinletsfor .._
systemofhigh-speedaircraftis inprogressat the .: _.” __
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AmesAeronauticalLaboratory.Informationonthepressurerecovery‘
characteristicsofthistypeof inletmountedona sharp-nosedforebody
iapresented,inreference1.

Fromaerodynamicconsiderations,a slender,nearlypointedforebody
isdesirableforthebodiesrofhigh-speedaircraft;however,theoper-
ationofradarequipmenttobe carriedinthenoserequiresconsider-
ationofbluntbodies.Dragfiguresforbodiesofrevolutionoffour
degreesofbluntnesshavebeenreportedinreference2, andsomeaddi-
tionalcharacteristicsoftheflowaboutbluntbodiesat supersonic
speedshavebeenpresentedinreference3. An investigationofthe
effectsof forebodybluntnessonthepressurerecovery,massflow,and
dragofa twin-scoopinlet-bodycombinationhasbeenmadeinorderto
assesstheaerodynamicpenaltiesinvolvedintheuseofa bluntforebody
shape.Thetestresultsobtainedfortheinlet-bodyconibinationswere
presentedinreference4. Thedatapresentedinreference4 are
analyzedandtheresultsof subsequenttestsinwhichthedragofthe
inlet-modelforebodie&andthetotalandstaticpressuresaheadofthe
inletstationweremeasuredarepresentedin

NOTATION

A cross-sectionalarea,square.feet

Aref . referencearea(largestflrontalarea
stream),myxirefeet

a’ speedof sound,feetpersecond
r

.
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d ductstationdownstreamofentrsnce,inches

FG forcemeasuredbybalancegage,pounds .
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()
~Machnumber ~ ~ dimensionless

poundspersquarefoot

mass-flowrate (pVA),slugspersecond

staticpressure,poundspersquarefoot

static-pressurecoefficient
(%?

absolute

()dynamicpressure ~pV2 2 Pow* persquarefoot

localforebodyradius,inches

velocity,feetpersecond

distanceforwsmlofcylindricalsectionof forebody,inches

angleofattack,degrees

ratioof specificheats,dimensionless

massdensity,slugsper&bic foot

Subscripts

average

forebodiesA, C, andD
,.

freestream

stationon forebodywithoutinletscorrespondingto station
0.150inchaheadof inlets

stationonbodywherestaticpressurecorresponds to that .-
recoveredon forebodyA at stationof

maximum
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inletstation

settlingchamber

exitthroat

stationon forebody “

The scoopinlets
shapes,eachhavinga
basicmodel(forebody

MODTLS

weretestedincombination”withfourforebody “-
differentfinenessratio.Thef’orebodyof the
A, fig.1)consistedof,a 10-caliberogivalnose “

ofcircularcrosssectionfollowedby a cylindricalsectiontotheinle_t --
ramp. No8eB wasparabolicinlongitudinalsectionandbecametangeni_ ____
tothebasicogiveO.~0inchfromthebasiti-~orebodytip. Foreb~”ies
C andD-wereellipticin shapewiththepointsof taggencytothebasic
bodyoccurringatthebeginningofthecylindricalsection.On thebasic
model(forebodyA) thetwin-scoopinletswerelocatedfivebodydismeters
behindtheapexoftheogiveandenclosedapproximately19percentofthe
maximumcircumferenceoftheforebody.me set area,includi~both..
scoops,was18.2percentofthetotalfrontalareaimmediatelyaftofthe -
inletstation.Themaximumfrontalareaoftheinlet-bodycombination,
onwhichalldragcoefficientsarebased,was0.638squareinch.As
shuwninfigure1, eachscoopwasprecededby a 4° ramp.A sharpedge
wasusedontheductlipswiththeexternalsurfaceinclJned5°to the
ductplaneof symmetryatthesidewallsandsoattheouterSurfaces.
Theductpassagecoueistedofa constantareasectionfora lengthoftwo
inletheightsaft-oftheentrance,followedby a divergingdiffuser.
Theinternalcross-sectional-areavariationwithdistancefromtheduct
entranceispresentedinfigure2.

Separatemodelsof forebodiesC andD, showninfigure3,were
providedforpressuresurveysjustaheadof theinletstation.These
models,withthepressurerakeremoved,werealsousedtomeasurethe
dragoftheportionsof thebodiesaheadof theinlets.me lengthsof.
themodelswereequaltothedistancesfromtheapexestotheinletsta-
tiononthecorrespondinginlet-bodycombinations.

.

TESTSANDPROCEDURE

ThetestswereconductedintheAmes8-by 8-inch.supersonicwind
tunnel.A detaileddescriptionof thetunnelanditsauxiliaryequipment
ispresentedinreference5. Pressurerecove~,massflow,anddragof
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twin-scoopinlet-body-conibinationsweremeasuredatMdchnumibersof
1.4and1.7at zeroangleofattack.Totalandstaticpressuresurveys
weremadejustMead oftheinletstationattistancesof0.050,0.100,
0.150,and0.200inchfromthesurfacesofforebodesC andD. The
measurementsweremadeaheadofbothinletsforeachtube,at thedis-
tancesmentioned,by rotatingtheforebodymodels(fig.3). Inaddition,
thedragofthebodiesaheadoftheinletswasmeasured.Allmeasurem-
ents weremadeatReynoldsnumbersperfootoflengthofapproximately
8 and9 millionatMachnunibersof1.4and1.1’,respectively.

Thesupportsystemandinstrumentationusedto obtainsimultaneous
measurementsofpressurerecovery,massflow,anddragforceareshown
infigure4 andaredescribedinreference6. Theinternalsurveyrake,
whichcouldbe rotated,consistedof fourtotal-pressurelnibesandthree
static-pressure”tubes.Thesamebag balancewasusedtomeasurefore-
bodydragthatwasusedtomeasurethedragof’theinlet-bodycombination:
However,theshroudshowninfigure3 wasusedto fairthebasesofthe
bodieswithoutinletsintothestationaryoutershell.Dragforcesact-
ingonthestrain-gagebalancewereobtainedfromdeflectionsofa
_cally balticedgalvanometers.

—

Allpressuresmeasuredinthisinvestigationwerephotographically
recorded.froma multiple-tubemercurymsnometer.Readingsofthe
internalpressure-surveyrakewererecordedat 10angularpositionsof
therakeforeachmass-flowratio.Flowaboutthemodelswasobserved
andphotographedthrougha schlieren
paralleltothefreestream.

REDUCTION

Thetotal-pressureratioE@Io

appratushavinga knifeedge

OFDATA

tha.. usedinthedatapresenta-
tionisanaverageweightedonthebasisof annularareasof%pproxi-
matelyequalwidthassignedto eachsurveytubeoftherakeinthembdel
settlingchanber.Thetotal-pressureratio ~’/& wasobtainedfrom
pressurereadingswhichwerecorrectedfornormalshocklosses.

Themass-flowratio,definedastheratioofmassflowingthroughthe
diffusertothatflowinginthefreestreamthroughan areaequalto that
oftheentrance,wascalculatedby thefollowingrelation:

+
ml

()
H3 Ad 1

(7
2

)
*7-lM2 27-1—=

% =avx=x~o =+= 0
XK

ThecorrectionfactorK,whichwasa functionofoutletplugposition,
wasdeterminedby calibration.

.
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Thetotalexternaldragforceoftheinlet-bodycombinationis
definedas thealgebraicsumofthechangeintotalmomentumbetweenthe
freestreaandtheinletstationof”themassofairthatflowedthrough
theinletandtheexternalpressureandfrictionforcesactingonthe
modelin-theaxialdirection.Correctionswereappliedtothedragdata
toaccountforallbuoyancyforcesonthemodelandbalance.

A detaileddiscussionofaccuracyofthetestapparatusiscon-
tainedinreference6. Thedragcoefficientshavebeenestimatedtobe
accuratewithin*0.008jhowever,thescatterofthedatafortheinlet-
bodyconibinationwithforebodyD atMachnumber1.7is inexcessofthis
value.Theexactcauseofexcessiveexperimentalscatterinthesepar-
ticulardataisunknown3however,itwasbelievedtobe dueto an
increaseinbalance”frictionwhichdeveloped”duringthisfinalrun.
Repeatingthisrunwasimpractical.becauseof damagesustainedbythe
modelattheconclusionofthetest. Theestimatedaccuracy ofthetiag
dataincludesthepossibleerrordueto differentskin-frictioncondi-
tionsonthevariousmodels.Estimatesoftheaccuracyoftheremaining
parametersaretabulatedbelow:

Parameter

Pressure recoveryII@.

Mass-flowratioml/~
p Wo’

Mass-velocityratto~
Povo

Estimatedaccuracy

RESULTSANDDISCUSSION

EffectofForebodyBluntnessonPressureRecovery

Thevariationsoftotalpressurerecoverywithmass-flowratiofor
thescoopinletsprecededby forebodesofvariousdegreesofbluntness
arepresentedinfigure5. Thelossesintotalpressurerecovery
increasedwithincreasingforebodybluntnessandMachnumber.Theinlet-
bodyconibinationwiththelargestdegreeof forebodybluntnessandthe
smallestfinenessratiosustainedlossesinmaximumtotalpressurerecovery
ofabout0.03tid0.06abovethoseofthecotiinationwiththeogival
forebody,atMachnumbersof1.4and1.7,respectively.Theflowfields
aroundthebluntbody(forebodyD) fortheseconditionsareillustrated
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by schlierenphotographs(fig.6)forcomparisonwiththoseofthe
sharp-nosedforebody.

Thevariationsofthetotal-pressueratio ~’ withradial
T

distancefromthe’”bodiesareshownin figure7 forforebodiesC andD.
Theintegratedtotal-pressurelossesmeasuredovertheinletheightat
station0’ increasewithincreasingforebodybluntnessbecausean
increasingmassofairisaffectedby thestrongpartsof thebowshock
wave. Thiseffectcanbe seenby comparisonbetweenforebodiesC andD
ofthetotal-pressurelossesandverticaltotal-pressuregradientsat

.—

stationo! (fig.~)..

In ordertopresentthe’total-pressuredecrementsdueto forebody “
bluritness,thedataof figure7 werenumericallyaveragedfromthedata
pointsshownto representthepercentageof free-streamtotalpressure
availableto theinlets.Thedecrementsin”totalpressuredueto fore-
bodybluntness

~-~1
_ (measuredaheadof inlets)andthedecrementsin

totalpressurebetweenstationso? and3 forconstantvaluesofmass-
flowratioaretabulatedbelow:

Free-stresm %-b’ h’-%
Machnumber Forebody —

% %/% S?

1.4 A o 0.6 0.135

J c .019
J

.142
D .026 .146

1.7 A o .8 ..232
c .035

J
.234

D .090 .209

Inthistabulation,theassumptionwasmadethat &~ forfore-
% ‘-H~

bodyA wasequalto ~. Theerrorin ~. introducedby this

assumption,accordingto shock-wavetheory,”isapproximately0.~2.
%-G ‘Thedecrementsintotalpressuredue to forebodybluntness—
%

donotincludelossesintheboundarylayer.Calculationsof tfie
lsminarboundary-layergrowthon coneshavingthesamefinenessratios
asthevariousforebodiesindicatethatat stationor thevariations
,in”thicknesswithforebodylengthproducedifferencesintheboun$iary.
layerwhichwo~d resultina changeof lessthan 0.005in=.

.

— ——..—
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ThetabulateddecF@tititsintotalpressurebetweenstationsorand3 -
.

includeanerrorresultingfromthefactthat ~! doesnotinclude
Ho? -Ha *

boundarylayerlosses.Estimatesindicatethatthiserrorin — ~,

isprobablylessthan0.01.Theprecedingtableshowsthatthelosses _ ‘
HO-HO?.

intotalpressureaheadoftheifiet— increasemuchfasterwith - ““:”
%

increasingforebodybluntnessatMachnumber~.7thanatMachnumber1.4.
Hof-Ha .-

Thetabulationoflossesintotalpressurewithintheinlet— —
~, y —

however,indicatesa decreaseindiffuserlosses;atMachnumber1.7,
betweentheconibinationwiththesharp-nosedforebody(A)andthecombi-
nationwiththemostblunt“forebody(D),ofreducedfinenessratio.The

Ho!-H~“
diffusertotal-pressureloss — ‘remainedpracticallyconstantHo?

betweenforebodesA andC (atM. = 1.7)fora reductioninlocalMach
nuxiberofabout1-1/2percent,whilea decreaseinthediffusertotal-
pressureloss(increaseinpressurerecovery)of0.023isindicated
betweenforebodesA andD fora reductionin10cQ Machnumberofabout
3 percent.ThetrendofthesedataforMachnumber1.7indicatesthat
factorsinadditionto localMachnumberaheadoftheinletwererespon-
sibleforthevariationindiffuserpressurerecoverynoted.It iS
believedthattheprincipaladditionalfactorsinvolvedwererelatedto
shock-waveboundary-layerinteractionsincethedifferentpressure
distributionsandlengthsoftheforebodesprobablycausedvariations
intheprofileoftheboundarylayerandhenceinfluencedthetendency
oftheflowto separateinthediffusercompressionsystem.

-

.

EffectofForebodyBluntnessonMass-FlowRatio

Thelossesinmaximummass-flowratiofortheinlets”withfore-
bodes ofvariousdegreesofbluntnessareindicatedinfigure5. In
orderto illustratetheeffectof forebodybluntnessonmass-flowratio,”
theconceptofmassvelocity,pV,isintrodu&ed.ThemassvelocityJust
aheadoftheinlets,pofVo~,isa measureofthemassflowperunit
areaavailableto theinlets.Thismassvelocitywascalculatedfor
forebodiesC andD fromtotalandstaticpressure.meamrement~obtained -. “
0.150inchaheadoftheinlets.Thedecrementsinmaximummass-flow

PIVLA1
ratios-

POVOA1
forcomparison:

po’vol
andinmass-velocityratios— aretabulatedbelow

Pcjvo

.

.

,
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. I M=, (%)_[(%)qW.=;W=D
‘o r .~number

1.4 0.O36 0.045
1.7 1 .038 \ .065-
Mach (po’vo’)A-(p~’vo’)C (Po’vo’)A-(P~’vo’)D
number
M. P~v. P.v.
w

1.4 0.027 0.043
1.7 .017 .050

9

. (Asnotedpreviously,theestimatedaccuraciesofthemass-flowratio
andthemass-velocityratioare*0.015and *0.C05,respectively.)The
valuesintheprecedingtableindicatethatthelossesinmaximummass

. flowareprimarilydueto thelossesinmassvelocity(reductionin
availablemassflowperunitarea)ratherthanto thespillageassoci-
atedwitha detachedshockwaveattheinletlip. Thereductionsin
massvelocitysrisingfromforebdybluntnessareduetotheentropy
riseacrossthestrongdetachedbowwaves.Aftertheflowhas
progressedfarenoughalongthebodytorecoverfree-streamstitic

..

pressure,theincreaseinentropyismanifestas a lossinvelocityand
a decrea-seindensitycausedby therisein statictemperature.

Partof thelossesinmassvelocity,andthusmassflaw,atMach
number1.4 werea resultof thefactthatthestaticpressuresmeasured .
aheadoftheinletswerelowerthanthoseon forebodyA. (Staticpres- ‘“”
suremeasurementsmadeon forebodyA at stationo’ indicatedlosses
of1.5and2.6 percent,at free-streamMachnumbersof1.$and1.7,
respectively,offree-stresmmassvelocityas a resultof locatingthe
inletsina regionof static..pressurelowerthanthefree-stre-value.)
Theremainderofthelossesweredueto thetotal-pressurelosses
associatedwiththeentropyriseacrossthedetachedbowwaves.In
orderto separatethelossesintothetwocomponents,thetotalpressures
measured.aheadof theinletswiththebluntforebodieswereusedwiththe
staticpressuremeasuredaheadof.theinletson forebodyA to calculate
thelossesinmassvelocitydueto.forebodybluntness.Theresultsof .
thiscalculationarepresentedbelow:.
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Free-stresm (P*’vo’)* II
-(PO!0 )C

11it
(PO’VO’)A-(PO v~ )DIt

Machnumber
% Povo POvo.
1.4 0.013 0.021
1.7 .023 .042

L

Comparisonofthevaluesofthistablewiththoseoftheprevioustable
indicatesthatata Machnumberof1.4abouthalfthelossinmass
velocitywasdueto thefactthattheinletswerelocatedina regionof
lowstaticpressure.However,ata Machnumberof1.7 thiseffectis
practicallynegligible,relativeto forebodyA,andthelossinmass
velocityisduetothelossintotalpressurethroughthestrongbow
shockwave. Lossesinmassvelocity,andthusmassflow,whetherdueto
forebodybluntnessor finenessratio(inletlocation),mustbe considered
inmatchingan inletandenenginewhoseair.requirementsarebasedon
free-streamconditions.

Ingeneral,iqorderto obtainthemaximumavailablemass~flowratio
andpressurerecoveryforanyscoopinlet(precededby a forebodyofthe
compression-expasion-co~ressio~typeemployedinthepresentinvesti-
gation)inaninviscidfluid,theinletmustbe preceded-bya forebody
of sufficientfinenessratiotopermitrecoveryoffree-streamstatic
pressure.

EffectsofForebodyBluntnessonDrag

Dragcurvesfortheinlet-bodycombinationsandforthebodies
withoutinletsarepresentedin figure5 forMachnumbersof1.4and1.7.
Allthedragcoefficientsarebasedonthemaximumfrontalareaofthe
inlet-bodyconibination:

Thesmallestdegreeofforebodybluntness(forebodyB) produceda
veryslightincreaseindrag‘of theinlet-bodycombinationatMach
numbersof 1.4and1.7. Thefactthatthisdragrisewassosmallcan
probablybeattributedto an overexpansionoftheflowfollowingthe
sonicpointon-theroundednose,thuspermitting theeffectofthe
positivepressuresontheroundednosetobe approximatelycounter-
balancedby thenegativepressuresactingfartherdownstreamonthe
forebody.LargerisesindragoccurredbetweenforebodiesA =d C ad.
forebodesA andD, as shownin figure5. Theselargedragincreases
areprobablyattributableto thefactthatfortheseverybluntbodies
thesonicpointwassofaryemovedfrom.thebodyaxis(reference3)that
theforcesontheextensiveregionof thefrontalereaexposedtohigh
positivepressuresina subsonicflowfieldwerenotcounterbalancedby

.
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theforcesintheregionofexpansiondownstreamofthesonicpoint.
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*
Thetotalandstaticpressuresurveysaheadoftheinletstation

showedthatatMachnumber1.4theeffectof forebodybluntness,com-
binedwiththereducedfinenessratio,wasto decreasebothpressures.
ThelocalMachnuniberwas~st Unaffectedsincebothpressures
decreasednearlyproportionately.Thescoopdrag(definedasthedif-
ferencebetweenthetotalexternaldragoftheinlet-bodycorcibimation
andthedragof theforebodyaheadoftheinlets)reductionwith
increasingforebodybluntnessatMachnumber1.4(fig.5(a))isprob-
ablyduetothelocaldecreasein staticpressureontheetiernalscoop
surfaces.Thescoopdragremainedessentiallyconstantwithforebody
bluntnessatMachnumber1.7 (fig.5(b))becausethemeasuredstatic
pressureandMachnumiberjustshealoftheinletschangedonlyslightly.

CONCLUDI~REMANS

&
Wind-tunneltestswereperfomnedatMachnumibersofl.kand1.7at

zeroangleofattackdn a twin-scoopinlet-bodycofiinationwithfore-
bodes ofvariousdegreesofbluntness.Thelossesinpressurerecovery

. increasedwithincreasingforebodybluntnessandMachnuiber.The
largestdegreeofforebodytiluntness,as comparedtotheogivalforebody,
causedlossesinmaximumpressurerecoveryof ~out 0.03and0.06for
theinlet-bodycombinationatMachnunibersof 1.4and1.7,respectively.
Thecorrespondinglossesinmaximummass-fluwratioswereabout0.04
and0.06. Thelossesinmaximummass-flowratioatMachnumber1.7were
primarilyduetothelossesintotalpressurethroughthebowwave,
whilethoseatMachnuniber1.4weredueappromtely one-halfto total
pressurelossandone-halftothefactthattheinletswerelocatedin
a regionoflowstaticpressure.

Thedragof theinlet-bodycmibinatioriincreasedmarkedlywith
increasingforebodybluntness,butonlyslightlywithincreasingMach
nuniber.At a Machnuniberof1.7 anda mass-flowratioof 0.90,the
largestdegreeofforebod.ybluntnesstestedcausedan increaseindrag
oftheinlet-bodycombinationofabout135percent.A reductionin
scoopdragwithincreasingforebodybluntnesswasrobservedatMach
nuniber1.4;thiswasbelievedtobe a resultofloweredstaticpressure
justaheado?theinlets.

AmesAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

MoffettField,Calif.



12 NACARM A51JC14

.
REFERENCES .—

1. Davis,WallaceF.,Edwards,ShermanS.,andBra@ikoff,GeorgeB.:-
ExperimentalInvestigationatSupersonicSpeedsofTwin-Scoop
DuctInletsof,EqyalArea. IV - SomeEffectsofInternalDuct ‘- _
ShapeUponanInletEnclosing37.2Percent.oftheForebody

— b
,Circumference.NACARMA9A31,1949.

.

2. Hart,RogerG.: FlightInvestigationoftheDragofRomd ~osed
BodiesofRevolutionatMachNumbersfrom0.6to 1.5Usin8
Rocket-PropelledTestVehicles.NACARM L51E25,1951.

3. Moeckel,W. E.: ExperimentalInvestigationofSupersonicFlowwith ““ ~
# DetachedShockwavesforMachNumbersBetween3..8and2.9.

NACARME50D05,1950.

k. Stroud,JohnF.,andAnderson,WarrenE.: PreliminaryDataonthe
.—

EffectofBody-NoseBluntnessontheDragandPressureRecovery- ‘u
ofa Side-Inlet-BodyCombinationat MachNumbersof1.4and1.7.
NACARMA51A09,1951. .

59 Davis,WallaceF.,I@@dkoff,GeorgeB.,Goldstein,DavidL.,and
Spiegel,JosephM.: AnE~erimentalInvestigationatS~ersonic
SpeedsofAnnularDuctInletsSituatedina RegionofAppreciable

?.-

BoundaryLayer.NACARMA7G15,1947.

6. Brajnikoff,GeorgeB.,andRogers,ArthurW.: Characteristicsof
FourNoseInletsasMeasuredatMachNumbersBetween1.4and2.0.
NACARMA51C!12,1951.

-.

.,-~

,.



I , , . I

L E%%: All dimensions in inches

+

.211

+-

Forei ~orebodv C

i!!

Xfl

o. ;50
g. ;::

1;000
/. 100

m?
1:350
f.375
1.400
1,4 f5

%
1.4 5

k

I--’’’”afiy+fiy+ ‘“’’+’’’+,tj ,. 1Forebody D

0, ;63
0.360
0.349
0.330
0.303
0.285
0.263
0.237
0.204
0.162
0.134
0. /20

W_

Figure f.- Model dimensions.



-.

●f6

, la

,08

,04

0

0 .4 .8 /.6 2.0 2,4

E?zJ
28

Distance downstream of entrance, d, inches

Figure 2?.- Internul duct area variation.
&

E
-1=

,



I

I 1

4 1+.200

. ,

IF.330

~--l .f50
L

Forebody A

/- Forebody C

.—.. --zz--~. - “+
Rakes used on
forebodes

I

All dimensions in Inches

Figure 3,- Forebody models.

G
E
J=



4.4:

iliil
h

i
-.,

I

,.
!

Figure k.-APWMXM for masur5ng theperf’cmmnceofswersonicduct5nlets.

, ,

I



NACARMA51X14 173L

. /.0

‘Q .8Q\x

0

e
QQ .4

o

I
.—I 1 1 I 1 I

b–++:
L — — ——— —

-u

●

o inlet + forebody A
u inlet + forebody B
o Inlet + forebody C
A Inlet + forebody 1)

——— unsteady flow

o .2 .4 .6 .8 1.0 L2 /.4
tUass-f/o w ratio, ‘Pm

0

A
\“\\.

\ \
-+-

A> ~

— ‘forebody D— -–- —- .-— – —-.—

x .
&\ ~

3
— forebody C— ––

[1— foreboo’y A -- “ -– —-- -—

*

0 .2 .4 .6 “ .8 /.0 /.2 /.4
Mass-flow ratio, ‘Prno

[..)Afo=l.4,a=O”

Figure 5.- Vuriafion of total-pressure recovery and
external drag coefficient with n?ass-flow rotio for
four forebody configurations.



18 NACARMA51K14

.4

●2

o

QQe.4

o

-. .—

o Inlet + forebody A
❑ Inlet + forebody B
o /nlet + forebody C
A Inlet + forebody D
——— unsteudy flow

o .2 .4, .6 .8 /.o 42 /.4
Muss-flow rutio= “.mo

0 .2 .4 .6 .8 /.0 /.2 14
Moss-flow rutio, ‘%.

.

.

.

.

.—. . _

(b) A%=/.7, e=O”

Figure 5.- cone/uded.



4L

.

NACARMA51K14 19

7--
————-...——.—. ... * ---- +

.’,’------
. “’””’”+......- _

G71- .“”,.p
~ —-

...—..—-——
- .—— —— /

--,...-,,..,.,,.. / *
&—.– __—. -. —“f ,..-., --- :.

:.-. ‘*
A

-.. i

-------/ “--”-”-“- “ -R - “

:;:- ..... . .. . .

:.,-. ,-,

.—_-.:_;... ;
=?. .--.—

L-:-. --- ,.-— A
.P”.w. .. .-— —-

*_+_- . ..-.

* ,---.* --— ~~----- -= 4-:
~=..=. ,==--7;--—- ----

.,

& =i!r.-a,,= ..- . ,/ .
...* . .=. _- .. . . . ,“

-—--7—..::.:- . . —
--
,=.. -—

—“-”.4$$.%-.L- .-

,.

,.=..:,. L -- .- =“ N
,-, — ..J% .-......... + e:.- ,1. -.-, . - :-,---&4 —.. .

,..
:.-- ...

ForebociyA
(%/m)==o.970

I?orebodyD
(In=/~)-=0925.

(a)~=1.k
.

~;.”” .“; ;7 .;,-~-

-—. —
,.-

, ..=-—— - . ..-’-.- .-k

,, /

;_--mr–
,-- .,-, --— .—— ..—.—

—.-. ----_- ,=, &=_-.. -. . .

_~-” ..,. . :=L
..-

. . -.:-* +—
.--A -. ------ ;

.
—

‘,=- ‘ “’-”- —------
—--. --— ..— — -. .- -z+ .% .——

—–L .- ~_K= -- ---- .

~ ‘====-~~ ““ “-’
.

:+%!!!ii+?=””>-. .-.%,-,..,-=.=--------—- ..-—.—-— .....--r. ---T. - =.--.

=skii

ForeboctvA
(dIuo)~=o:925

(b)Mo=l.7
.

forebodiesA andD.Schlierenphotographsofmodelwith
.

4!



. .

m/1

I

() .~

.88 .92 .96 /.00
H*’/H*

.200

I

. /50 i

I

&= /.7
o Forebody G

0 Forebody D
o
.88 .92 .96 1.00

If.’/if* v
C2

Figure 7.- Voriation of toto@res&e ratio with distance from body 0.i50 inch ahead of iniet. *
2

> . > >


